Derepressed cells of Saccharomyces mellis were treated in one of several different ways to either elute or inactivate the exocellular enzyme, acid phosphatase. The enzyme was either (i) eluted from resting cells with 0.5 M KCI plus 0.1% ,-mercaptoethanol, (ii) eluted from exponential phase cells by growing the organism in derepressing media containing 0.5 M KCI, or (iii) inactivated on exponential phase cells by adding sufficient acid or base to growth media to destroy the enzyme but not enough to kill the cells. These treatments did not affect viability. Treated cells were transferred to fresh growth media or some other reaction mixture, and the kinetics of recovery of acid phosphatase activity was studied. In these reaction mixtures, enzyme was synthesized only by actively growing cells. Treated resting cells were indistinguishable from untreated, repressed resting cells in that the organism inoculated into complete growth medium remained in the lag phase for approximately 6 hr before both growth and enzyme synthesis began. Exponential phase derepressed cells treated by method (ii) or (iii) were transferred to fresh medium under conditions that allowed growth to continue. The cells immediately started to manufacture enzyme at a rate greater than normal until the steady-state level was reached, thus demonstrating a feedback control system. Exponential phase repressed cells were also transferred to fresh derepressing media under conditions which sustained growth. Though these cells began to grow immediately, there was a lag before acid phosphatase synthesis began followed by a lengthy inductive period. The length of the period of induction could be correlated with the polyphosphate content of the cells. As the supply of polyphosphate neared exhaustion, the rate of synthesis increased rapidly until it was greater than normal; this differential rate was sustained until the steady-state concentration was reached. When derepressed cells grow in a medium containing 0.5 M KCI, some acid phosphatase activity is found free in the culture fluid and some remains firmly attached to the cells despite the presence of the salt. The bound activity is subject to feedback control, but the steady-state level of this activity on the cells is only one-third that of the acid phosphatase on cells growing in nonsaline media. The extracellular phosphatase is produced at a rate that is several-fold greater than that of the exocellular enzyme in a nonsaline medium. The synthesis of the extracellular enzyme does not seem to be controlled by a feedback mechanism but is produced at a maximal rate as long as the cells are growing.
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The acid phosphatase of Saccharomyces mellis compound) or with 2 M KCI plus 0.15% ,B-meris a repressible enzyme that is exocellularly lo-captoethanol (16) . This treatment is not harmful cated (i.e., outside the cell membrane but, under to the cells in that they retain viability, and, usual cultural conditions, still firmly attached to when transferred to complete growth media, WEIMBERG yeast (17) . The conditions for elution vary somewhat from organism to organism, but in every case, just as in S. mellis, the loss of these surface components is nonlethal. No technique has been developed yet that will elute surface enzymes from S. cerevisiae except under conditions where the cell wall is digested so that protoplasts are formed (17) .
Whereas the conditions for removal of enzyme from S. mellis cells have been well studied, there is no information on the mechanism by which the organism recovers enzymatic activity after acid phosphatase has been removed from derepressed cells by eluting reagents, Previous experiments have shown that a change (either increase or decrease) in specific activity of acid phosphatase on S. mellis cells occurred only when the population was in the exponential growth phase in a complete medium (15) . These earlier experiments were done with cells that were grown in one environment and transferred directly into another environment, i.e., derepressed cells were transferred into fresh repressing media, or repressed cells were inoculated into fresh derepressing media. The present set of experiments is designed to determine the sequence of events for recovery of acid phosphatase activity on derepressed cells from which the enzyme has been either eluted or inactivated. These results were then compared to the minimal conditions required by repressed cells to begin synthesizing the enzyme.
MATERIALS AND METHODS
The use of the terms "repressed cells" and "derepressed cells" in the text are in reference to the enzyme, acid phosphatase. The basic medium for obtaining derepressed cells of S. mellis NRRL Y-1053 (derepressing medium) was composed of 5% glucose, 0.5% yeast extract, and 0.1 % urea. The yeast extract is first treated with magnesia to remove inorganic phosphate (13) . The medium for growing cells in the repressed state (repressing medium) is the same as above except that it includes 5 mm inorganic phosphate, pH 6.8. For maximal growth in these media, the culture flasks were inoculated with a 5% inoculum and incubated aerobically for 24 hr at 30C. To obtain cells from the exponential phase of growth, culture flasks were inoculated with a 2.5% inoculum, and the cells were harvested after the cultures had been incubated aerobically at 30 C for only 16 to 18 hours. All other methods and techniques have been described previously (16) .
RESULTS
Minimal conditions for acid phosphatase synthesis. Aqueous suspensions of both repressed and derepressed cells of S. mellis were treated with 0.5 M KCI plus 0.1% ,3-mercaptoethanol for 2 hr at 30 C to remove cell surface constituents that may be dissociated by these reagents. These cells were then incubated for 12 hr in several reaction mixtures that were different combinations of the individual ingredients of a complete growth medium. At the end of this time, the acid phosphatase level on the cells was measured. The results (Table 1) indicate that treated cells behaved no differently than untreated cells (15) 6 -hr lag period in complete growth media before growth could resume. In addition, the experiments suggest that the course of events in resting cells leading to acid phosphatase formation upon the cells being returned to growth medium probably was the same in initially repressed and derepressed cells. Therefore, to avoid the physiological changes that occur in resting cells, recovery of enzyme activity was studied in actively growing cells. Repressed and derepressed cells in the exponential phase of growth were treated with reagents that elute or inactivate acid phosphatase but do not affect viability (hence it is assumed that the effect of these reagents is restricted to the cell surface). The cells then were transferred to fresh derepressing media under conditions in which they would continue to divide, and the rate of acid phosphatase formation was measured.
(I) Transfer of derepressed and repressed cells, grown in the presence of 0.5 M KCI, into fresh derepressing media. Exponential phase cells of S. mellis that have been stripped of acid phosphatase may be obtained by growing the organism in derepressing media containing KCI. The organism will grow and produce acid phosphatase under these conditions, but most of the enzyme is eluted during growth and is found free in the medium (16) . Despite the presence of the eluting agent in the medium, a small proportion of the total enzymatic activity remains attached to the cells. Even though they contain this residual a Resting cells, suspended in water at a concentration of 0.2 g/ml, were mixed with an equal volume of a solution containing 0.5 M sodium acetate buffer (pH 6.5), 1.0 M KCI, and 0.2% f,-mercaptoethanol, and incubated at 30 C for 2 hr. Next, the treated cells were washed once in water and suspended in water at a concentration of 0.1 g/ml. Then 5 ml was inoculated into 100 ml of each of the above reaction mixtures and incubated aerobically at 30 C for 12 hr. At the end of this time, the cells were once again harvested, washed in water, resuspended in water at a concentration of 0.2 g/ml, and assayed for acid phosphatase activity. a To 10 ml of derepressed cells of S. mellis, suspended in 0.1 M acetate (pH 6.5) at a concentration of 0.2 g/ml, was added 10 ml of each ingredient listed at heads of the columns at twice the final concentration. After 2 hr of incubation at 30 C, the cells were harvested and suspended in 10 ml of sterile water, and the total amount was added to 200 ml of derepressing growth medium. The cultures were incubated aerobically at 30 C and, at intervals, 20-mi samples were removed. The cells were assayed for acid phosphatase activity after they had been washed in water, weighed, and suspended in water again at a concentration of 0.2 g/ml.
b Expressed as grams of cells per 100 ml of medium. a Derepressed cells were inoculated into each of three flasks containing 500 ml of derepressing medium. Cultures were incubated aerobically at 30 C. At intervals, 40-ml samples were removed, the cells were washed and weighed, and acid phosphatase activity was measured. When it had been determined that the cells were in the log phase of growth, a volume of a cycloheximide solution (at 20 gg/ml) was added to each flask to yield the concentrations listed. An adequate amount of water was also added to each flask so that an equivalent volume of liquid had been added to all flasks. No attempt was made to maintain aseptic conditions during these additions. The time of addition of the cycloheximide is designated as the zero time of the experiment. Samples were removed as described above, and growth and acid phosphatase activity were determined. Repressed cells showed an inductive period during which the rate of synthesis, initially negligible, increased over a period of several hours (Fig. I B) . The maximum rate for this experiment, which was 6 to 7 times greater than the steady- 3 (13, 16) . Therefore, it seemed possible to study the recovery of enzymatic activity on cells in which the enzyme had been inactivated rather than eluted as it is with salt treatment. S. mellis cells may be suspended in solutions ranging from pH I to 10 for at least 15 min with no loss of viability (better than 85% recovery of living cells). Solutions with pH lower than I were not tested, but at pH above 10 the number of viable cells remaining in a reaction mixture after a 15-min exposure decreased rapidly with increasing pH. All cells were killed within this time period at pH 11. Fortunately, the range of pH in which acid phosphatase was stable proved to be narrower than that for viability. On intact cells, the enzyme was stable for at least 5 min between pH 3 and 9.5 and was irreversibly inactivated within this time period at pH 2.5 and 10.
The stability of the enzyme at a high pH such as 9.5 was unexpected because the result seemingly was in conflict with previous observations with eluted enzyme (13, 16) . In this earlier work the enzyme was shown to be inactivated by alkali at pH 7.5. Therefore, the stability of the enzyme was reinvestigated and, indeed, it was found that in an alkaline reaction mixture containing 0.5 M KCI, acid phosphatase was inactivated at pH 7.5, but the enzyme was stable in reaction mixtures up to pH 9.5 in the absence of salt (Table 4) . Under the latter conditions, of course, the enzyme remains associated with the intact cells.
With conditions now determined for inactivation of acid phosphatase on living cells by acid or base without loss of viability, the enzyme was inactivated on exponentially growing cultures of S. mellis by HCI or NaOH. The cells were transferred to fresh growth media, and their ability to grow and produce enzyme was measured (Fig. 3) . These cells began growing immediately and seemed to start producing acid phosphatase without delay. The differential rate of synthesis was equivalent in both types of treated cells and the rate was 1.5-to 2-fold greater than the steady-state rate. Thus, it appears that recovery of enzyme activity in derepressed cells in which the enzyme was inactivated followed the same pattern as in cells from which the enzyme was eluted.
(iv) Transfer of untreated repressed cells to (15) . Therefore, the polyphosphate content of repressed cells growing in derepressing media was investigated to determine whether there was any correlation between the polyphosphate content of cells and their ability to synthesize acid phosphatase. In untreated exponential phase repressed cells transferred to fresh derepressing media, 70% of stored polyphosphate was consumed in 4 hr, at which time an increase in acid phosphatase activity first was detected on the cells (Table 5 ). The rate of enzyme formation increased over the next 3 hr reaching its maximum just as the last traces of polyphosphate disappeared from the cells. Inorganic phosphate in the cells dropped to a negligible level within the first 2 hr of the experiment and subsequently never changed. Thus, it appears that there is a good correlation between the polyphosphate content of the cells and the repression of acid phosphatase synthesis.
DISCUSSION
The present set of experiments has corroborated previous observations made with S. mellis that acid phosphatase is synthesized by cells of this organism only when they are growing (15 (15) and will exhaust the supply in the time it takes for the cell mass to double. Since there is a good correlation between the length of the time that the cells contain polyphosphate and the length of the inductive period for acid phosphatase synthesis, it may be concluded that in S. mellis the stored polyphosphate provides the signal for the activation of the mechanism for repression of acid phosphatase synthesis. These results agree with the observations of GUnther and Kattner studying the system in bakers' yeast (5) . While this may be an explanation for the mechanism of repression in growing cells, it obviously does not apply to the mechanism by which resting derepressed cells lose their ability to synthesize this enzyme.
A distinctly different pattern of recovery of acid phosphatase activity is observed in cells growing in a medium containing the eluting agent. When the organism is growing in the presence of 0.5 M KCI, not only can acid phosphatase activity be detected extracellularly (free in the culture fluid), but there is also a relatively smaller amount still located exocellularly. This difference in location permits the two activities to be studied separately. The appearance of and increase in enzyme activity in the two locations follow different kinetics. A short inductive period is required for the formation of the exocellular enzyme as if it were a new enzyme being produced in response to the saline environment. Furthermore, this enzyme seems to be subject to feedback control.
The extracellular acid phosphatase initially is being produced by growing cells at a rate equivalent to that at which the cells were producing the exocellular enzyme in nonsaline media before being transferred to the saline solution. This rate does not change for over 4 hr despite the fact that the cells are producing the exocellular enzyme at increasing rates during this same time period. Eventually, the rate of production of the extracellular enzyme begins to increase also and rapidly reaches a rate four-to fivefold greater than the nonsaline steady-state rate. Once the systems for producing the extracellular enzyme are operating, neither the extra-nor exocellular enzyme seems to exert any feedback control over the synthesis of the extracellular enzyme. Indeed, it has been shown earlier (16) that, if the cells are incubated in salinized medium for several days, extracellular acid phosphatase activity increases to a level of over 10 times higher than that which would be found exocellularly on cells incubated the same length of time under nonsaline conditions.
It is possible that the exocellular and extracellular enzymes produced in a saline medium are actually the same proteins differing only in location. On the other hand, the different kinetics for their initial rates of formation suggest that they are separate proteins with the same catalytic function. However, more work is required to determine this point. 
